In this paper, we develop an effective quantum theory of black hole horizons using only the local horizon geometry. On the covariant phase space of the Holst action admitting Weak Isolated Horizon as an inner boundary, we construct Hamiltonian charges corresponding to Lorentz symmetries. We show that horizon area is the Hamiltonian charge corresponding to Lorentz boosts as well as that for Lorentz rotation which acts on 2-sphere cross-sections of the horizon. Using this expression of area as a generator of Lorentz rotation, and the fact that quantum states residing on the horizon cross-sections carry a representation of ISO (2), we derive the spectrum of area operator on the horizon. The eigenstates of this area operator are shown to be labelled by integers or half integers. The entropy is obtained completely in terms of these area quanta residing on the horizon, and is shown to have exponentially suppressing corrections to the area law. The formalism is also extended to non-minimally coupled scalar fields, where the area operator gets modified due to the value of the scalar field on the horizon.
I. INTRODUCTION
The classical dynamics of black hole horizons encoded in the laws of black hole mechanics points to its thermal nature [1] [2] [3] [4] [5] . It has now become a well established fact that the description of gravity as spacetime dynamics can explain the thermodynamic nature of horizons. Indeed, there exist deep clues relating thermodynamical quantities with gravitational or geometric quantities on the horizon. More precisely, it has been shown that black holes have a temperature T = κ/2π, and the first law of black hole mechanics requires that black holes of area A must have thermodynamic entropy given by S = (A/4ℓ 2 p ) [3] [4] [5] [6] [7] [8] , where ℓ p is the Planck length. There have been several attempts to understand the microscopic origin of this black hole entropy. In particular, in string theory as well as in loop quantum gravity, the microstate counting not only gives the Bekenstein-Hawking area law, but also successfully generates the entropy corrections beyond the logarithmic terms. It is possible that both these theories actually describe the same physics but are using different variables or descriptions. However, in absence of consensus on the correctness of either theories, it is natural to look for alternative representations of black hole which leads to similar interrelations between the classical and quantum nature of black hole horizons using the local geometrical structures of the horizon itself without any reference the asymptotic structures.
A very useful classical notion of black hole which is not interacting with its surroundings, (in other words, no matter is falling through it), is provided by the Weak Isolated Horizon (WIH) formalism [9] [10] [11] [12] . In this set-up, an isolated black hole horizon, in 4-dimensional spacetime, is described as a non-expanding 3-dimensional null surface foliated by marginally trapped 2-spheres. More precisely, one assumes the null normal to the horizon ℓ a is expansion free, θ (ℓ) = 0, shear-free σ (ℓ) = 0 and twist-free, and the field equations of matter and geometrical fields hold good on the horizon. A non-expanding horizon (NEH) is called a WIH if the connection on the normal bundle is also lie dragged on the horizon. A NEH is a good characterisation of a black hole horizon. and it is natural to view the horizon as an inner boundary of the spacetime in this framework. In this formalism, one may envisage situations where the horizon and the fields on it are time independent but the near horizon spacetime is highly dynamical comprising of matter fields as well as gravitational and electromagnetic radiation. In such a scenario too, it is possible to use the WIH formalism to construct quasilocal quantities like mass M , angular momentum J, and surface gravity κ without any reference to the asymptotic infinity, and thereby prove the zeroth and the first law of black hole mechanics in a purely quasilocal setting (quasilocal refers to the fact that the definition requires the cross-section of the horizon and a finite element of the horizon, that is, a point on the horizon and its finite neighbourhood). The WIH formalism has been used to obtain the black hole entropy in the setting of quantum geometry. The horizon is characterised an operator on a well defined Hilbert space of states. This is carried out as follows: On this WIH phase-space, we determine the algebra of charges and show that this algebra is identical to the ISO(2) ⋉ R sub-algebra of the Lorentz algebra. The quantum states residing on 2-sphere cross-sections of the horizon belong to the representation of the iso(2) and are labelled by integers (or half-integers) (see the Appendix C), and the area acts as an operator on these states. These states are also the eigenstates of area operator and therefore the area spectrum becomes equidistant. This notion of equidistant area spectrum is not new, and in several of the papers on black hole spectroscopy including the quasinormal modes of black holes, this kind of equidistant spectrum has been motivated [21, [31] [32] [33] . Such a spectrum has also been shown to arise in the context of Quantum Geometry, by using different regularisations of the area operator [34] . Our derivation also points to such a equidistant spectrum of the horizon area. In this section, we also derive the entropy. Our counting reveals that the entropy is exactly equal to the Bekenstein-Hawking result but admits corrections which are exponentially suppressed. This is a new result and may contain seed of non-perturbative corrections to black hole entropy.
Of the results derived here, some of them are completely new and, to our knowledge, have not been discussed earlier. Few of the results here have been put on a firmer footing because, all our calculations are based on the WIH formalism and hence, utilize the local horizon geometry only without relying on the geometrical structure of the bulk spacetime. Hence, these results shall appeal to a wider class of black holes, than those discussed in the literature earlier.
II. SYMMETRIES ON A NON-EXPANDING HORIZON
Let M be a 4-dimensional manifold with a metric g ab having signature (−, +, +, +). In M, let ∆ be a null hypersurface generated by a future directed null vector field ℓ a and foliated by 2-spheres. Let us fix particular a cross-section S 0 of ∆ with coordinates (θ, φ). Let λ be the affine parameter on ∆ with S 0 being at λ = 0. The tangent vector field is then given by ℓ a = (∂/∂λ) a . We may use the affine parameter λ to label the cross-sections on ∆. Thus, if P is any point on S λ , it's coordinates are (λ, θ, φ), where λ is the affine separation of the point P from S 0 . For our purpose, we shall use another parameter v as horizon generating, where v is related to the affine parameter λ through λ = a e κ v + b. The horizon generating vector field is then ℓ a = (∂/∂v) a . On ∆, one may define a metric induced from the full spacetime. That metric is degenerate, and one may however define an inverse metric q ab q ac q bd := q cd which captures essentially the foliation geometry. Since ∆ is null, it is also twist-free. Also, since the generators l a are null, the parallel transport of l a is also proportional to l a . Then, l a ∇ a l b = κ (l) l b , where κ (l) is the acceleration corresponding to the null normal l a and ∇ a is the covariant derivative compatible with g ab . The expansion θ (l ) of the null normal l a is defined by θ (l ) = q ab ∇ a l b . For convenience, we shall use the null tetrad (l a , n a , m a ,m a ) such that 1 = −n a l a = m am a and all other scalar products vanish. This basis is especially suited for the setup since one of the null normals l a matches with one of the basis vector. In this basis the spacetime metric is given by g ab = −2l (a n b) + 2m (amb) .
The surface ∆, equipped with the class [l a ] of null normals (ℓ a ∼ ℓ ′a if ℓ ′a = cℓ a , c being a constant), is called a non-expanding horizon (NEH) in (M, g ab ) if the following conditions hold for all vectors in the equivalence class [11] :
2. The expansion θ (l) = 0.
3. The equations of motion hold on ∆ and the vector field −T a b l b is future directed and causal on ∆.
The first condition describes the foliation while the second condition, that the horizons be exansion free, is a crucial condition applicable to black hole horizons. This condition implies the existence of a well defined and unique connection on ∆, from the full spacetime connection. The third condition ensures that equations of motion and energy condition hold. Along with the Raychaudhuri equation and the energy conditions, the null surface ∆ may be shown to be shearfree. These restrictions also imply the existence of a Killing vector field ξl a on ∆. It should also be said that the NEH is called a WIH if the connection one form on the normal bundle ω (l) is lie dragged £ l ω (l) = 0. This condition leads to the constancy of surface gravity κ (l) on the horizon. Note that all these boundary conditions are intrinsic to ∆.
Since we shall be using the first order tetrad-connection formalism, the gravitational degrees of freedom is encoded in the co-tetrads e I a and the gravitational connection one form A IJ . The quantity a, b, . . . refer to spacetime indices while I, J, . . . will be used for internal flat spacetime. The internal metric η IJ is mapped to the spacetime metric g ab through the tetrads, g ab = e a ℓ I belonging to the equivalence class of null normals satisfying the boundary condition of a WIH. The horizon ∆ will also be assumed to have a fixed set of internal tetrad basis (l I , n I , m I ,m I ), where, for example, ℓ I = e I a ℓ a . These internal null basis are fixed such that they basis are annihilated by the internal flat connection (for example, ∂ a ℓ I = 0). Note that tetrad e I a is not unique since they may be modified by Lorentz transformations. In the bulk, the spacetime M allows all the possible Lorentz transformations of the tetrad e I a since they all shall give the same spacetime metric. However, on ∆, the set of Lorentz transformations are restricted. All Lorentz transformations are not allowed. Out of all possible SL(2, C) transformations in the bulk, only those are viable on horizon which preserve the boundary conditions on ∆ as mentioned above. More precisely, given a set of tetrads in the bulk (related by Lorentz transformations), only those are acceptable which, acting of the fixed ℓ I , generate ℓ a s in the equivalence class of WIHs. Thus, since Lorentz transformations affect tetrads, they also affect the null vector fields (ℓ a , n a , m a ,m a ). For example, a Lorentz transformation changes e a I to e ′a I = Λ J I e a J and hence, on the horizon, where ℓ I is fixed, this affects the null normal ℓ a . The set of possible Lorentz transformations are the ones which preserve the Newman-Penrose coefficients on the horizon ∆, or atleast transform them homogeneously. These transformations shall be designated as the symmetry of the WIH.
This exercise of determining the symmetries was already carried out in [35] . Let us briefly recall the basic arguments. The set of all Lorentz transformations consists of the following set: a Lorentz transformation generating a boost in the (ℓ − n) plane, a rotation in the (m −m) plane and a mixture of a boost and a rotation in the (ℓ − m) (keeping n fixed) and one further boost-rotation in the (n − m) plane (keeping ℓ fixed). According to the arguments of the previous section, they may also be viewed as a transformation acting of the spacetime null tetrad and are given as follows:
where ξ, θ, c, b are smooth functions on ∆. The functions ξ and θ are real while c and b are complex. This accounts for the six parameters of the Lorentz transformations. Since a WIH is a expansion-free, twist-free null surface, many of the Newmann-Penrose scalars like κ N P , ρ, σ vanish on the horizon ∆. So, out of all these transformations, we should only look for the ones which map the boundary conditions of a WIH to itself. Under the transformations (1), (2) and (3), κ NP , ρ, σ transform homogeneously and hence, if they vanish, all horizons generated by these transformed set of null tetrads will also be a WIH.
However, under (4) the Newman-Penrose coefficients transform inhomogeneously and to preserve the WIH boundary conditions, b must vanish. This essentially reduces the set of possible Lorentz transformations. The Lorentz matrices associated with the transformations (1)- (3) are respectively
The generators corresponding to these transformations are given by the following quantities:
where B, R generate (1) and (2) respectively and P, Q generate (3). A straightforward calculation gives their Lie brackets (2) ⋉ R where the symbol ⋉ stands for the semidirect product. R, P and Q generate ISO(2): R generating Euclidean rotations in the (m −m) plane, P generates rotation in the (ℓ − m), Q generates rotation in the (ℓ −m); while, B generates R, which are scaling transformations of (ℓ − n). It is not surprising that the NEH boundary conditions are invariant only under this subgroup of local Lorentz group, since this is the little group of the Lorentz group which keeps the horizon generator invariant. Now, given a horizon, ∆ is generated by a set of null generators in the equivalence class of null normals [ℓ a ] and a given set of foliation vector fields. Naturally, this elevates the group of local rescaling R and, the rotation subgroup in ISO(2) generated by R, from local to global transformations. In the following, we would like to construct the set of charges which are Hamiltonians corresponding to these transformations. We shall show that these charges, which generate boost and angular momentum on the phase-space respectively, are related to horizon area.
III. HOLST ACTION AND THE SPACE OF SOLUTIONS
Let us briefly recall the construction of the covariant phase-space. Note that since the internal boundary is an isolated horizon, the space of solutions shall admit isolated horizon as an internal boundary. To construct the phasespace, we work with the first order Holst Lagrangian and the covariant phase space formalism. The method is as follows: Given a Lagrangian L, using the equations of motion, the variation of the Lagrangian is δL = dΘ(δ) where Θ(δ) is called the symplectic potential. The symplectic potential is a 3-form in space-time and a 0-form in phase space. This symplectic potential gives the symplectic current J (δ 1 , δ 2 ) = δ 1 Θ(δ 2 ) − δ 2 Θ(δ 1 ), which, by definition, is closed on-shell. Note that the the symplectic current is essentially the on-shell second variation of the Lagrangian. The symplectic structure is obtained from this symplectic current:
where M is a space-like hypersurface. Note that if the equations of motion and linearized equations of motion hold, the symplectic current is conserved dJ = 0. This current conservation equation, when integrated over a closed region of spacetime bounded by M + ∪ M − ∪ ∆ (where ∆ is the inner boundary considered) gives:
where M + , M − are the initial and the final space-like slices, respectively. For the case when WIH is an internal boundary, third term becomes exact, ∆ J = ∆ dJ , and the hypersurface independent symplectic structure is given by:
where S ∆ is the 2-surface at the intersection of the hypersurface M with the boundary ∆. The quantityJ (δ 1 , δ 2 ) is called the boundary symplectic current. Here, we shall use the first order formalism in terms of tetrads and connections. This formalism is naturally adapted to the WIH formalism since, that the boundary conditions are easier to implement and the construction of the covariant phase-space becomes simpler. Furthermore, the first order formalism separates the action of local Lorentz transformations and spacetime diffeomorphisms, and since we are mainly interested in the Hamiltonian charges of Lorentz transformations, the first order formalism is suited. For the first order theory, we take the fields on the manifold to be (e a I , A aI J ), where e a I is the co-tetrad, A aI J is the gravitational connection. The Holst action in first order gravity is given by the following Lagrangian (the factor 16πGγ is a constant) [36] :
where
A IJ is a Lorentz SO(3, 1) connection and F IJ is a curvature two-form corresponding to the connection given by F IJ = dA IJ + A IK ∧ A K J . Our strategy shall be to construct the symplectic structure for the action given in eqn. (19) . The symplectic potential is obtained to be [37] :
. From the symplectic one-form eqn. (20), one then constructs the symplectic current J (δ 1 , δ 2 ) = δ 1 Θ(δ 2 ) − δ 2 Θ(δ 1 ) which is closed on-shell. The resulting symplectic current is
The symplectic structure is obtained from the symplectic current, eqn. (21) in a similar way described previously in this section. This gives us [37] :
The function ψ (ℓ) is a potential for the surface gravity κ (ℓ) and is defined by £ ℓ ψ (ℓ) = κ (ℓ) . Similarly, µ (m) is the potential for i(ǫ −ǭ), and is defined by £ ℓ µ (m) = i(ǫ −ǭ). The quantity 2 ǫ is the area two form on the spherical cross sections S ∆ of the horizon. The fields ψ (ℓ) and µ (m) are assumed to satisfy the boundary condition that ψ (ℓ) = 0 and µ (m) = 0 at some initial cross section of the horizon.
IV. LORENTZ TRANSFORMATIONS AND HAMILTONIAN CHARGES ON ∆
To find the charges arising due to local Lorentz transformations, we take a local basis consisting of the co-tetrads e I . The co-tetrads and the connection transform under a Lorentz transformation in the following way.
where Λ I J is the Lorentz transformation matrix. The variations of the co tetrads and the connection due to infinitesimal Lorentz transformations, Λ I J = (δ I J + ε ǫ I J ), are given by the following:
where ǫ I J are the generators of the Lorentz transformations as discussed in the Section (II). We also require the expression for the variation of Σ IJ and that of (e I ∧ e J ). After a bit of algebra, one can show that,
Let us look at the γ-independent symplectic structure, also called the Palatini symplectic structure. The action of the Lorentz transformations on the fields, eqns. (27) and (26) , in the bulk symplectic structure, eqn. (22) leads to:
Using these expressions in the symplectic structure eqn. (29), we note that the terms with δΣ IJ cancel each other while those with δA IJ cancel for the Lorentz transformations which belong to the symmetry group on a WIH. After some simple algebra, we obtain the following quantity on the cross-sections of the horizon:
Similarly, for the γ-dependent symplectic structure, also called the Holst term, using the action of Lorentz transformations on the tetrad eqns. (28) and the connection variables (26), we get the symplectic structure (22) in the following form:
In the eqn. (32), the quantity involving dǫ IJ may also be rewritten in the following way:
This simplifies the symplectic structure eqn. (32), and we get the following:
In the above expression, the quantity δ (e I ∧e J )∧A I K ǫ K J cancel with each other whereas, the quantity ǫ I K (e K ∧e J )∧ δA IJ vanish for all those Lorentz transformations which belong to the symmetry group on the WIH. The remaining term on the horizon cross-section is:
So, combining these two equation, eqn. (31) and eqn. (35), we note that for Lorentz transformations belonging to the ISO(2) ⋉ R, the bulk contribution of the full Holst action to the symplectic structure is reduced to:
For ǫ IJ = R IJ = 2im [ImJ] , the symplectic structure in eqn. (36) gives the Hamiltonian charge generating this transformation on the phase space. Since this is the only space rotation, we shall denote it by −J and the only contribution comes through the γ dependent symplectic structure:
So, (A/8πGγ) is the generator of rotations on the phase-space of isolated horizons. For ǫ IJ = B IJ = −2l [I n J] , we shall denote the charge by K as it is a boost on the horizon and the only contribution comes through the γ-independent symplectic structure eqn. (36) .
Again, (A/8πG) is the generator of boosts on the phase-space of isolated horizons. Two simple statements of immense importance arises quite simply from here. First is the relation K = γJ which has important implications for quantum gravity and is usually referred to as the linear simplicity constraint [30] . Secondly, the area of the horizon is linked to the angular momentum through A = 8πGγJ. Several comments are in order. First, one may have some contribution from the surface symplectic structure too. Such terms arise in the proof of the classical first law of black hole mechanics and is crucial for constructing a Hamiltonian function corresponding to the null evolution of the horizon [37] . However, for Lorentz transformations, contributions from the boundary symplectic structure vanish. In the Appendix (B), a detailed proof is presented for each of these transformations which belong to the ISO(2) ⋉ R. Secondly, one may also enquire as to why such charges arise in the first place. For the Lorentz boost, this should be clear since the boost is actually a global symmetry on the horizon and hence, it is natural to have a charge generating the boost transformation on the phase-space. Indeed, the claim that horizon area must be canonically conjugate to the boost is quite well known [25] [26] [27] [28] [29] . Here, we provide a natural way to obtain this result. For the Lorentz rotations, the situation is different. It is a local symmetry and hence, it's bulk Hamiltonian generator must be zero by equations of motion. However, due to the presence of horizons, it has become a genuine symmetry rather than a pure gauge (This argument may as well be true for the other two generators P IJ and Q IJ belonging to the Lorentz subgroup, but they are identically zero, which may also be due to the null nature of the boundary itself.). Interestingly, it is a well known fact that in the presence of boundaries, local symmetries lead to genuine observables and several examples have been discussed in the literature. For example, consider the Chern-Simons theory on a 3-manifold, say a disc D × R, with R playing the role of time. In this case, the gauge transformations take field configurations in the bulk to their gauge equivalent ones, but on the boundary, they become global symmetries [38] . In gravity too, it is well known that diffeomorphisms are broken on the boundary (see [39] for a detail review). The gauge motions due to diffeomorphisms relate gauge equivalent geometries in the bulk, but they give rise to observables on the boundary. The very well known edge states of gauge theories are examples of such kind.
Let us summarise the findings of this section. We have determined the effect of Lorentz transformations on the spacetime fields and obtained the Hamiltonian charges due to the boost and the rotation subgroups of the little group of the Lorentz group. Notably, both of these transformations are generated by quantities related to the area of the horizon. This expression shall become useful for developing a the quantum theory of the horizon.
V. NON-MINIMAL SCALAR COUPLINGS TO GRAVITY
The effect of non-minimal scalar couplings to gravity may be expressed in a simple way through the first order Holst action by inclusion of some simple modifications [40] . The non-minimal scalar coupled Holst action is given by:
where V (φ) is a potential for the scalar field, ǫ is the 4-dimensional volume, and the quantity K(φ) is a scalar function given by:
The symplectic structure corresponding to this action eqn (39) is obtained to be the following (see [40] for a detail derivation):
Using the transformations for the tetrads and the connection variables under Lorentz transformations, we note that the following boundary contribution remains on the phase-space eqn. (41), if we restrict to the Lorentz transformations belonging to the ISO(2) ⋉ R, which is the symmetry group of the WIH:
Note that here, we have fixed the value of the scalar field φ = φ 0 on the horizon. For ǫ IJ = R IJ = 2im [ImJ] , the symplectic structure gives the Hamiltonian charge generating this transformation on the phase space. This
Hamiltonian is again the area of the horizon, but now is modified by the scalar field function, A f (φ 0 ) = 8πGγJ. The boost generator is again the area, modified by the scalar field A f (φ 0 ) = 8πGK, although the simplicity constraint K = γJ still holds good. The boundary contribution of the symplectic structure can be shown to be vanishing along the lines of the Holst symplectic structure.
VI. ENTROPY OF THE WEAK ISOLATED HORIZON
On the horizon cross-section, the quantum states are in the representation of iso(2). In the Appendix, the representation theory has been developed and the eigenstates of the angular momentum is obtained. As argued in that Appendix C, the representation appropriate for an IH corresponds to p = 0. Since the spacetime algebra is faithfully represented on the phase-space, the eigenstates on the angular momentum (J) may be used to determine the spectrum of the area operator A|j = 8πGγJ |j = 8πG γj |j . The area eigenvalue A is then 8πGγ j. This is similar to the result of [15] , where this arises as a condition on the level of the boundary Chern-Simons theory, and is essential for quantising this topological theory. In the present scenario, this condition arises naturally due to geometry of the WIH formalism.
Let us consider the surface S ∆ tessellated by a number of patches, much like the surface of a soccer ball. The concept of tessellation follows from the representation used for the area or equivalently, the rotation generator J above. A quantum state of area S ∆ is labeled by an integer or half-integer |J implies the area of each tessellated patch is also labeled by integers or half-integers and |J is described by a tensor product structure |J = ⊗ i |j i where i is the label for tessellated patches. The area operator is taken to be acting on tessellations as follows: A = ⊕ i A i where each of the area patch contributes an area 8πγℓ 2 p j i . Thus, J = i j i . This equation is the basis for calculating the black hole entropy which is obtained by determining the number of independent ways the configurations {j i } can be chosen such that for a fixed J the condition J = i j i is satisfied.
However, the choice of independent tessellations is subject to diffeomorphism constraints. Along the same line of arguments used in loop quantum gravity [15] , we can fix these constraints by coloring the tessellations. However, this process of fixing the diffeomorphism gauge makes the tessellations distinguishable. Suppose in the partition of J = N/2, the number n i = 2j i is shared by s i tessellations. So i s i n i = N and i s i is the total number of tessellations. So the total number of independent configurations is given by
Varying log Ω subject to the constraint δ i s i n i = 0 yields the most likely configuration s i = ( i s i ) exp(−λn i ) where the variation parameter λ is to be determined from the constraint i exp(−λn i ) = 1 where n i = 1, ..., N . This gives λ = log 2 − 2 −N + o(2 −2N ) for large N and entropy S = λN . Substituting N ,
and for the choice γ = ln(2)/2π, the leading order Bekenstein-Hawking result is obtained, but also gives an exponentially suppressed corrections to the classical result. This is quite a surprisingly new finding that follows directly from this it from bit formulation of a classical isolated horizon. This exponential suppression has in fact been argued to arise in some string computations through non-perturbative corrections [41] although, it has not been obtained in the context of loop quantum gravity. For the non-minimal couplings, the area spectrum is obtained from the action of the J operator on its states and hence the area operator acts as f (φ 0 ) A|n = 8πG γn|n . This implies that the classical area in the case of non-minimal couplings is given by 8πG γn/f (φ 0 ) and the states are again labelled by integers or half integers. The entropy for these black holes will also give the usual area law S = f (φ 0 )A/4ℓ 2 p with exponential correction terms.
VII. DISCUSSION
Let us first summarise the results obtained here. Using the WIH phase-space and the Holst action, we have shown that the the horizon area is the generator of both the Lorentz boost on the horizon as well as Lorentz rotations on two-sphere cross sections of the horizon. These two results also imply that the linear simplicity constraint holds good for expansion-free and shear-free null surfaces. For the non-minimal couplings, the area gets modified by the value of the scalar field on the horizon. While some of these results have been discussed in the literature, they have not been derived using the WIH formalism. The usefulness lies in the fact that all the considerations are limited to the horizon geometry only, and no reference to the bulk spacetime is needed. Thus all our proofs appeal to black hole horizons which may even have time dependent geometrical and matter fields just outside the horizon. The local proof carried out here put these results on mathematically sound footing.
Three further remarks are in order. The first is about our demand on distinguishable counting method in Section (VI). One may argue that elementary excitations must (if seen from a quantum field theory perspective) be indistinguishable. While this may be correct, there exists arguments in the LQG literature [15] , where the elementary excitations (here punctures on a sphere) are distinguishable. In the present framework too we assume this and leave its proof for future works. The second is that the equidistant area spectrum is quite well known and has been argued for quite some time cite [21, [31] [32] [33] . In the framework of nonperturbative quantum gravity framework too, it has been argued that the area spectrum may indeed become equidistant [34] . Our calculation on the other hand used only the classical gravity to reach a similar conclusion. Thirdly, the entropy in equation (44) shows a remarkable behaviour: It has the usual area law, but is then suppressed exponentially by the area term. This needs to be looked into further to understand the origin of such non-perturbative terms. Fourthly, the generators P and Q (see (15) ) have zero Hamiltonian charges. In the quantum theory, they are related to the raising and lowering operators (see Appendix C). It is thus natural that they are vanishing for a null surface, since there is no addition or subtraction of area quanta for a isolated black hole horizon. In a dynamical horizon framework however, one would require such operators and they will play an important role in understanding the formalism of Hawking radiation.
This is clearly equal to δΩ B (δ ǫ , δ η ). Hence, we get that δ{H ǫ , H η } = δH [ǫ,η] = δH π it faithfully represents the vector field algebra of [R, P ] = Q given in eqn. (15) . This exercise may be extended to the generator ǫ IJ = 2im [ImJ] and η IJ = 2im
, for which we get:
Also, for π IJ = 2m 
Also, for
, the contribution to the Hamiltonian charge is given by the following:
This is equal to δΩ B (δ ǫ , δ η ) and hence, the Hamiltonian charge algebra correctly reflects the vector algebra [B, Q] = Q, of Lorentz generators. The same calculation may be repeated for the γ-dependent part of the symplectic structure in eqn.(??) and the similar results follow there too. The Hamiltonian charges now are γ-dependent though the algebra of these charges is independent of this Immirzi parameter (γ). The contribution of the symplectic structure for these Lorentz transformations may be obtained by using the eqns. (28) and (35) and we get
For
, the symplectic structure in eqn. (55) reduces to the following form:
where (e m ∧ e ℓ ) = (e I ∧ e J ) m I ℓ J . Also, for η IJ = 2m
, the symplectic structure in eqn. (55) gives the Hamiltonian charge:
Note that this is equal to the expression δΩ B (δ ǫ , δ η ) and hence, we get that δ{H ǫ , H η } = δH [ǫ,η] = δH η . This charge algebra is reflective of the fact that at the the algebra of vector fields [B, P ] = P holds. Also note that though the charges are γ dependent, this does not show up in the charge algebra.
Let us now consider the charges due to the two transformations generated by ǫ IJ = 2im [ImJ] and η IJ = 2m
. The symplectic structure in eqn. (55) reduces to:
This charge is also obtained by the direct application of the π IJ = 2im
on the phase-space quantities and we get that Ω B (δ π , δ) = −1 16πGγ
δ (e I ∧ e J ) π IJ = −i 8πGγ (e ℓ ∧ em + e m ∧ e ℓ ) ≡ δH π = δΩ B (δ ǫ , δ η ). 
This must be compared to the charge generated by the transformation π IJ = 2im [I l J] − 2im [I l J] , which gives us Ω B (δ η , δ) = −1 16πGγ
δ (e I ∧ e J ) π IJ = −i 8πGγ δ (e m ∧ e ℓ − em ∧ e ℓ ) ≡ δH π .
This is same as δΩ B (δ ǫ , δ η ) = δH [ǫ,η] and hence is same as [B, Q] = Q. Thus, all the algebra of charges is exactly that of the algebra of vector fields and hence, the algebra of vector fields is faithfully represented by the algebra of charges on the phase space.
B. The contributions from boundary symplectic structure
The purpose of this section is to show that the contribution from the boundary symplectic structure in eqn. (22) vanishes. There are two contribution from the boundary symplectic structure. The first one is related to the phasespace scalar function ψ ℓ . Note that dψ (ℓ) = −κ (ℓ) n + α ℓ m +ᾱ ℓm , where α ℓ andᾱ ℓ are some scalars. The variation due to the Lorentz transformations should affect all these quantities. For each of these transformations, let us obtain these changes one by one.
Let us first consider the transformation due to the boost generator on ∆ given by η I J = −(ℓ I n J − ℓ J n I ). Note that on the horizon (ℓ I , n I , m I ,m I ) are all fixed. Therefore, the effect of transformation on n a is determined as follows: δ η n a = δ η e I a n I ) = δ η (e I a )n I = ǫ I J e J a n I = −(ℓ I n J − ℓ J n I )e J a n I = n J e J a = n a . Similarly, the vector ℓ a shall also change δ η ℓ a = δ η (e This expression is consistent with the fact that ℓ a n a = −1. For these transformations, one also obtains that δ η m a = 0 as well as δ ηma = 0. These results now may be used to obtain the variation for the surface gravity κ (ℓ) due to the transformation given above. Since
